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A.J1. )KypaBJieB 
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£002129372 
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HOIM 8/04, B01D 53/62 



CHOCOB OHHCTKH B03#yXA RJW TOIUIHBHBIX 
3JIEMEHTOB H YCTPOHCTBO JSJISL ErO 
OCYmECTBJIEHHH 

OSjiaCTb TeXHHKH 

H3o6peTeHHe othochtoi k <J>yHK^OHanBHBiM BcnoMorarejiBHBiM 

CHCTeMEM 06cJiy3KHBaHHfl TOIUIHBHBIX 3JieMeHTOB (T3), B HaCTHOCTH K 

cnoco6aM h ycTpoScTBaM fljis copSixhohhoh ohhctkh B03 1 uyxa, 
noTpe6jMeMoro b T3, ot #ByoKHCH yrjiepo^a. 

B T3 co mejiOHHHM ajieKTpojiHTOM b KanecTBe okhcjihtcjdi nacTO 
Hcnojn>3yeTca aTMOc(J)epHBiH B03,nyx. B arMoc(j)epHOM B03^yxe 
coflepacHTca ot 200 #0 400 hhm #ByoKHCH yrjiepo^a, KOTopaa, pearapya 
c 3JieKTponHTOM, o6pa3yer Kap6oHaTBi, b 3HaHHTeJiBHofi CTeneHH, 
CHmKaiomne nojiHpH3aiiHOHHBie xapaKTepHCTHKH T3. JSflx yBennHeHita 
speMeHH pa6oTBi B03#yniHBix ajieierpoflOB T3 HeoGxo^HMa rjiy6oKaa 
oHHCTKa B03«yxa ot ^ByoKHCH yrjiepoAa. 



PbBecTeH cnoco6 yflajiemra #ByoKHCH yrnepofla H3 B03#yxa, 
noTpe6jiHeMoro b T3 (naTeHT CII1A 5 595 949, kji. B01J 20/34, 
21.01.97). CnocoG 3aKjiK>HaeTC£ b nponycKaHHH B03«yxa nepe3 
3aMeiMeMBie KOHTeHHepBi, cHap>DKeHHBie rpaHyjiaMH nopHCToro 
MaTepnajia, np onHTaHHBiMH pacTBopoM mejionn. nocne oTpaSoncH 



IIpeflinecTByiomHiS ypoeeHb tcxhhkh 




KOHTeiiHep&i yaajunoT H3 yerpoHCTBa h no^BepraioT pereHepauHH. 
PereHepaumo ocynjecTBJDnoT npoKamcoH rpaHyn npn TeMneparypax 900 
- 1400 °C, npH KOTopoii yaajiHiOTCH Kap6oHan»i. Ilocjie npoKajnoa 
rpaHyjiti no/jBepraioT nmpaiamni «hh o6pa30BaHaa menoHH. 

BTopog cnocoG pereHepaipni oTp a6 oTaHHBix rpaHyji, kotopbih 
naTeHTyeTca b flaHHOM nareHTe, sto B3aHMOfleHCTBHe o6pa30BaBmnxca 
Kap6oHaTOB menoHHoro MeTaruia c okhcbio KajiL>u,HH hjih rHflpooKHCBio 
6apna. npn 3tom o6pa3yic>TCJi HepacTBopHMBie Kap6oHaTti KajiBmia hjih 

6apHH, KOTOpBie OT^HJIBTpOBBIBaiOTCa, H meJIOHB, KOTOpOH nOBTOpHO 

nponHTBiBaroT rpaHyjiBi. 

HeflocTaiKOM H3BecTHoro cnocoSa HBJiaeTCH noBtimeHHaa 
3HeproeMKOCTt h Tpyn;oeMKOCTB npouecca pereHepaHHH cop6eHTa ana 
norjiomeHHfl ^ByoKHCH yrnepofla. TaKoe ycTpoiiCTBO Tpe6yer TaiOKe 
3aipaT MaTepHajiOB, npn stom caM npoijecc pereHepauHH Tpe6yeT 
cneimanBHBix Mep c tohkh 3peHHa tcxhhkh 6e3onacHocrH. 

HacraraHo 3tot HeaocTaroK ycTpaHeH npn HcnojiB30BaHHH b 
KanecTBe pereHepnpyeMBix norjiOTHTejien flByoKHCH yraepofla ueojiHTOB 
( naTeHT CU1A JSTs 6,273,939, kji. BO ID 53/04 14.08.2001). IJeojiHTBi 
flocTaroHHO rny6oKO onnmaiOT aTMOcc^epHbiH B03^yx ot flByoKHCH 
yraepofla - /jo 1-2 hhm. Ilpcmecc an;cop6imH ocymecTBJimoT npn 
flaBJieHHH 1-100 aTM., pereHepaunio cjioa ijeonHTa ocynjecTBJunoT 
npo,nyBKOH onnmeHHtiM B03«yxoM h CHH»ceHHeM aaBJieHHH flo 0,1 - 5 




aTM. JJjw nojiHOH pereHepaiiHH npn stom Heo6xoAHMO noBBimeime 
TeMnepaTypw no 50 -5- 250°C. no MHemno 3aaBHTejra, HaaGojiee 
npeAnoHnrrejiBHBiM xsnsieTCR TeMnepaTypa 250°C. npiraeM 
axMOc4>epHaa BJiara 3HawrejiBHO cmmaer aflcopGipioHHyio 
cnocoGHocTB i^eomrroB no ^HOKCimy yrnepo^a. JSja BOCcraHOBJieHira 
COp6lJHOHHOH CIIOC06HOCTH IjeOJIHTOB Heo6xoAHMO hx npoKajiHBaHHe 
npn TeivmepaTypax 500 ^ 600°C. TaKHM o6pa30M, npHMeHeHHe MeTOfla 

KLJA (KOpOTKOipiKJIOBOH a^COpGlJHH - B aHTOHHCKOH TepMHHOJIOrHH 

PSA, TSA, PTSA), npn kotopom onimjaeMMH ra3 c^cHMaiOT #0 
onpefleneHHBix flasjieHHH (ot 2-^100 aTM.), npn kotopbix npoHcxo^HT 
a^copSipra ,zpioKCH#a yrjiepo^a. 3aTeM flaBJieHHe cmiacaioT, OHHmeHHBiH 
B03,zjyx HanpaBjwioT k noTpe6HTejno, nacxB onumeHHoro B03,oyxa - 
npo^yKTOBoro ra3a - ncnojiB3yioT ajih npOMtiBKH cjiok norjiOTHTejw ot 
norjiomeHHLix npHMecen. 

ELpHMeHeHHe Meroaa KUA Tpe6yeT 3HaHHTejiBHoro pacxo^a 
3HeprnH, cnemiajiBHBix KOMnpeccopoB h #obojibho cjioechoix) MeTOfla 
ynpaBJiemra. 

IfeBecTHO ycTpoficTBO (TlaTeHT CUIA 5 595 949) ajm y^ajieHiM 
^ByoKHCH yrjiepo^a fljw T3. YcTponcTBO coctoht H3 3aMeHfleMBix 
KOHTeiiHepoB, KOTopBie CHap^^eHBi rpaHyjiaMH nopncroro MaTepnajia, 

npOIlHTaHHBIMH paCTBOpOM mejIOHH. E[0CJie OTpa60TKH KOHTeHHepBI 

yAanfflOTCH H3 ycipoHCTBa h noflBepraiOTca pereHepaxjnn. PereHepamM 




ocymecTBjraeTca MeTO^OM npoicaJiKH rpaHyn npn TeMnepaiypax 900 -5- 
1400°C ffJM yaaneHHfl Kap6oHaTOB, nocne npoKajiKH rpaHynu 
noABepraioTca rimpaTaijHH «jw o6pa30Bamra menoHH. 

HeaocTaTKOM H3BecTHoro ycTpoficTBa HBJDieTCH noBBimeHHaa 
3HeproeMKOCTB h Tpy^oeMKOCTB npoijecca pereHepaujiH cop6eHTa rjul 
norjiomemra flByoKHCH yraepofla. Taicoe ycTponcTBO TpeGyer TaioKe 
3aTpaT MarepHajiOB, npH 3tom caM npoijecc pereHepaupra HeacejiaTeneH c 

TOHKH 3peHHH T6XHHKH 6e30naCHOCTH. 

HeflocTaTKH 3Toro ycTpoiiCTBa Hacnrrao ycipaHeHBi b 
ycTpoficTBe h3bccthom H3 EP 1 155 729, kji. B 01 D 53/047, 21.11.2001. 
YcxpoHCTBO coflep^cHT no6yflHTejiB pacxo^a B03,nyxa (KOMnpeccop hjih 
BeHTHJWTop), coeflHHeHHBiH nocpeffCTBOM TpyGonpoBOflOB h 3anopHoii 
apMarypBi c a#cop6epaMH, cHapJDKeHHBiMH noraoTHTejieM h 
coe^HHeHHBiMH c bxo#om noTpe6HTejra OHHmeHHoro B03Ayxa. B 
aAcop6epBi 3arpyaceH nornoTHTenB, co,n;epacamHH cjioh 
aKTHBHpoBaHHoro yrjia h cjioh ijeojiHTa. 

He,o;ocTaTKOM TaKoro ycTpoftcTBa HBjraeTca bbicokhh pacxoa 
3H6prHH, cjiohchoctb KOHCTpyiojHH h ynpaBJiemra ero pa6oTofi, a TaioKe 
6ojiBinoH pacxoA c6pacBiBaeMoro B03 J ayxa (b hcckojibko pa3 6oJiBiiie, 

HeM KOJIHHCCTBO OHHmeHHOro). 




IIo coBOKyimocTH cymecTBeHHLix npH3HaKOB h flocraraeMOMy 
TexHKraecKOMy pe3yjn,TaTy aBJiHerca b KanecTBe npoTonma rjw cnoco6a 
naTeHT CIHA 5 595 949, a b KanecTBe npoTorana wx. ycrpoHCTBa - 
EP1 155729. 

CymHocTi> H3o6peTeHHfl 

.3aflaHeH H3o6peTemra HBJiaeTca co3flaHHe HenpepBiBHoro 
cnocoSa h Ha ero ocHOBe ycTpoficTBa rjiy6oKofi ohhctkh B03flyxa ot 
flByoKHCH yraepofla 6e3 3aMeHM KOHTefiHepOB, 6jiokob, naTpoHOB h 
CHioceHHe 3HeproeMKocTH 3a cner npHMeHemra tekhx aacop6eHTOB 
AByoKHCH yniepofla, KOTopBie 6ticTpo aflcop6HpOBajra 6bi ee h jienco 
pereHepHpoBanHCb npn He6ojn>nrax 3aTpaTax 3Heprira. 

yKa3aHHbiH TexHHHecKHH pe3yjitTaT AOCTHraeTca co3flaHHeM 
cnocoGa ohhctkh B03flyxa fljra T3, npn kotopom hcxoahbih B03ayx 
nponycKaiOT nepe3 aacop6ep c norjioTHTejieM flByoKHCH yrjiepo^a, 3aTeM 
cop6eHT pereHepHpyioT HarpeBOM, npiraeM b a«cop6ep noMemaiOT 
noraoTHTejifc, coflepacamHH rHflparapoBaHHBie okchabi nepexoflHBix 
MeTannoB, KOToptie pereHepnpyioT OTpaSoTaHHBiM b toiijihbhom 
3JieMeHTe B03,zjyxoM npn TeivraepaType 60 120°C. HarpeB B03flyxa, 
nocrynaiomero Ha pereHepauino, ocymecTBJunoT pp flocTHaceHH* 

OTHOCHTCJIBHOH BJiaiKHOCTH OT 15 flO 85%. 

yKa3aHHBifi TexHunecKHH pe3y>iBTaT flocTHraeTca TaioKe TeM, hto b 
ycTpoiiCTBe ohhctkh B03,Dtyxa nun T3, coflepacameM no6yflHTent noTOKa 




B03,nyxa, coeflHHeHHMH nocpeflCTBOM Tpy6onpoBOAOB h 3anopHon 
apMaiypti c aacopSepaMH, CHapaxceHHtiMH norjioTirrejieM ffByoKHCH 
yrjiepofla, h coeflHHeHHtiMn c B03flynmBiM bxoaom TomraBHoro 
3JieMeHTa, npn stom, 3anopHaa apMarypa BBinojraeHa b BHfle 
nepeKmoHaTeneS, o6ecneHHBaionmx noonepeflHoe noflKjnoHemie Bxo^a 
h BLixofla oflHoro H3 aAcop6epoB k no6ymiTejno pacxoaa B03^yxa h 
Bos/jynmoMy Bxo«y ToiuiHBHoro sjieMenra cooTBeTCTBeHHo, a BBixoaa 
flpyroro a^cop6epa nepe3 HarpeBaTeJiB k B03,zjymHOMy bbdco,^ 
TonnHBHoro sjieMeHTa. B aacop6epBi 3arpy»ceH npo;jyKT, coflepacannra 
niflpaTHpoBaHHBie okch^bi nepexoflHBix MeTamiOB, HanpHMep 

rHApaTHpOBaHHBIH OKCHfl UHpKOHHJI. 

yKa3aHHBIH TeXHHHeCKHH pe3yjIBTaT MOaceT 6bITB AOCTHTHyT TaKMce 
TeM, HTO yCTpOHCTBO OHHCTKH B03,D[yxa flJM TOILUHBHBIX 3JieMeHTOB, 

co^epacameM noGyznrrejiB noTOKa B03^yxa, cocmmeHHBiH nocpe«CTBOM 
Tpy6onpoBOflOB c a^copSepaMH, cHapaEceHHBiMH nonioTHTejraMH 
AByoKHCH yrjiepo^a h coeflimeHHBiMH c bxoaom TonjiHBHoro sjieMeHTa, 
a,ncop6epBi, OTflenenHBie ppyr ot apyra neperopo^KOH, ycTaHOBneHBi b 
e^HHOM Kopnyce c bo3mo3khoctbk> BpameHiw BOKpyr npoflojiBHon och h 
noonepeflHoro no^onoHeHiM no Bxo^y k no6y«HTerao noTOKa, a no 
BBixozjy k BBixo^y TonjiHBHoro sjieMeHTa, b azjcop6epBi 3arpy^eH 
npoflyKT, coflepacainHH rH#parapoBaHHBie okch^bi nepexoflHBix 
MeTaujioB, h Ha Bxofle b aflcop6ep, noflicmoHeHHOMy k BBixoay T3 no 




B03 ( nyxy ycraHOBJieH HarpeBarejiB. BHyTpH aacop6epoB h HarpeBaTejiefi 
Mo^ceT 6bitb ycTaHOBneHa TeiuioH30JDmHH. Pa3MemeHHe a^copSepoB, 
pa3AejieHHHX neperopoflKoii, b o#hom KOpnyce c bo3mo}khoctbk> hx 
BpameHHH BflOJit npoAOJibHOH och no3BOJM6T oica3aTBCJi ot 3anopHofi 
apMaTypBi h oflHoro H3 HarpeBarejieH, hto cymecTBeHHo ynponjaeT 
cxeMy ycTpoficTBa. ripn BpamemiH HenpeptiBHOM hjih nepHOflHHecKOM 
a^copeepbi noonepeAHO CTaHOBHTCK to Ha pereHepaujno, to Ha 
nornonjeHHe C0 2 - 

npHMeHeHHe b a#cop6epe norjioTHTejra, co^epacamero 
THApaTHpOBaHHbie OKCHflbi nepexo^HBix MeTajuioB, oSecneHHBaeT 
rjiySoKyio onncTKy B03^yxa ot flHOKCH^a yrnepoaa, Heo6xoflHMyio ajm 
pa6oTBi T3. OflHOBpeMeHHO flocTHraeTca CHHacemie 3HeproeMKOCTH 
npoijecca pereHepau;HH. KpoMe Toro, npoijecc pereHepaijrai Taxoro 
nornoTHTejM TpeSyeT HcnojiB30BaHira yBJiaaoieHHoro B03flyxa, a hmghho 
TaKOH B03,nyx HMeeTM Ha BBixo^e T3. 

HcnojiB30BaHHe OTpaSoTaHHoro b T3 B03,ayxa fljra pereHepau;HH 
norjiOTHTejM, coaepacaiijero rHflparapoBaHHBie okch#bi nepexo^HBix 
MeTajiJios, no3BOJineT nojiHocTBio BoccTaHaBUHBaTB nornoTHTejiB 
6jiaroflapa TOMy, hto OTpaSoTaHHBifi B03#yx HMeeT noBBiineHHyio 
BJia^HOCTB h He coflepaorr flByoKHCB yrjiepo^a. napBi bo^bi, nocrynafl b 
a^cop6ep raflpojiH3yioT noBepxHocraBie Kap6oHaTBi, o6pa3yiomHecH Ha 
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noBepxHOCTH norjioTHTejM npH aacop6ijHH AByoKHCH yniepofla, h 
OT l nyBaK)TCH B03AyxoM, He coaepacameM AByoKHCB yrjiepo^a. 

Harpes B03,nyxa b AHana30He TeMneparyp ot 60 ro 120°C 
BBiSpaH no cjie.ayiomHM npHHimaM: npn TeMneparype miace 60°C H3-3a 
Majiofi CKOpocxH pereHepaupra Heo6xo,fl;HM 6ojiee AJmTejiBHBift rrporpeB 
choh norjioTHTejM, hto Be^eT k crnDKemno 3<|><|>eKTHBHOCTH ohhctkh 
B03#yxa ot AByoKHCH yraepofla. IIpH TeMnepaType BBnne 120°C h 
oco6eHHO npH hh3KOM BJiarocoaepacaHHH B03#yxa nponcxoAHT 
HeoGpaTHMaa AerHflpararpafl noraoTHTejra h pa3pynieHHe ero 
cTpyicrypM. 

OcymecTBJieHHe HarpeBa B03,oyxa ? nocTynaiomero Ha 
pereHepanHio, flo aocthhcchhh othochtcjibhoh BJiaacHOCTH ot 15 ao 85% 
o6ecneHHBaeT npoBefleHHe npoijecca pereHepaipm nornoTHTejra. npH 

OTHOCHTeJIBHOH BJia}KHOCTH BBIHie 85% npOHCXOflHT KanHJiJiapHaa 

KOHfleHcauHH bo^hbix napoB b nopax cop6eHTa, npHBOAjnaaji k 
yMeHBineHHio aKTHBHOH noBepxHocra noraoTHTejifl. 3to, b cbok> 
onepe^B, yivieHBHiaeT cop6imoHHyio aKTHBH octb nornoTHTejw h craiacaeT 

npOH3BO,ZpaTeJIBHOCTB yCTpOHCTBa. ripH OTHOCHTeJIBHOH BJia^CHOCTH HH3Ke 

15% npoi^cc pereHepaijHH n orjiOTHTe jih nponcxoflHT He nojiHOCTbio H3- 
3a 3aMeflJieHHfl rH,npojiH3a noBepxHocraBix Kap6oHaTOB, hto TaK ace 

npHBOflHT K CHHECeHHK) npOH3BO l HHTeJIBHOCTH yCTpOHCTBa 




Coe^HHeHHe Bbixo,zi;a a^copSepoB c bldco^om T3 o6ecneHHBaeT 
bo3mcokhoctb pereHepaijim norjioTHTejra flByoKHCH yrjiepo^a 
cSpacBiBaeMBiM H3 T3 B03,nyxoM, KOTOpBra, pa6oTan b peacHMe 
OKHCJiemra KHCjiopoflOM B03#yxa BOflopo^a, He coflepacirr ^ByoKHCH 
yrjiepcwa, a BBicoKaa BJiaacHOCTB 3Toro B03,ayxa, KaK yKa3BmajiocB BBime, 
cymecTBeHHO HHTeHCH^imapyeT npou;ecc pereHepamiH norjioTHTejra. 
OflHOBpeMeHHO j^BejiHHHBaeTCH K034)(|>HigieHT HcnojiB30BaHiM B03 ( zjyxa, 
hto CHH^caeT 3HeproeMKOCTb npou;ecca pereHepaipm norjioTHTejra, 

3arpy3Ka b a#cop6epBi npoayicra, coAepacamero 
rHApaTHpOBaHHBie okchabi nepexoflHbix MeTajuioB, o6ecneHHBaeT 
6bicTpoe noraomeHHe AByoKHCH yrJiepo,n;a npH KOMHaraoH TeivinepaType 
h pereHepaimio npH OTHOcirrejiBHO HH3KOH TeMnepaType nop^Ka 60 
120°C ripHHeM KpyTaa BBinyKJiaa H30TepMa aflcop6ijHH xapaKTepH3yeT 
ciioco6hoctb norjiOTHTejM yzjajraTB ^ByoKHCB yrjiepofla npH ee hh3khx 
KOHijeHTpaijHax. TaKHM o6pa30M, flocTHraeTca ynpomemie KOHCTpyKujm 
h CHHaceHHe SHeproeMKOCTH npoijecca flecopGipra. 

Pa3MemeHHe Ha BBixo^ax aflcop6epoB HarpeBaTejiefi 
o6ecneHHBaeT AocTHaceirae HeoSxoflHMBix ajm pereHepaujiH 
TeMnepaTypBi h othochtcjibhoh BJiaacHOCTH B03flyxa. 3to TexHHHecKoe 
peineHHe 6onee 3<|)(j>eKTHBHO, hcm ycTaHOBKa oflHoro o6mero 
HarpeBaTejM Ha BBixoae H3 TonjiHBHoro 3JieMeHTa, TaK KaK 
npoflOJi^cHTejiBHOGTB pa6oTBi a#cop6epOB b peaoiMe cop6imH flsyoKHCH 




yrnepo;a;a no BpeMeHH MoaeeT OTJuraaTBca ot fljnrrejiBHOCTH npon;ecca 
pereHepauHH h noaTOMy 6onee ijejiecoo6pa3Ho pjir Kaacfloro a#cop6epa 
BecTH npon;ecc HarpeBa B03flyxa He3aBHCHMO ot #pyroro. TaoKe 
TexHHHecKoe pememie a^x^eicraBHO H HcnonB30BaHHH ycTpoiicTBa, 
coaepaeanjero 6onee flByx a#cop6epoB. H b 3tom cjiynae #ocTHraeTCfl 
CHHEcemie 3HepronoTpe6neHiM 3a cneT nepeso^a pereHepnpyeMBix 
a^cop6epoB Ha npoflyBKy xojio^hbim B03,ayxoM, He coaepacanpiM 
AHOKCHAa yrjiepo^a. 

CHapJiaceHHe a,n;cop6epoB norjiOTHTejieM, coflepacanjjiM 

OmpaTHpOBaHHBIH OKCHfl IflipKOHHfl, HO CpaBHCHHK) C #pyTHMH 

nepexoflHBiMH MCTamiaMH, oSecnenHsaeT HaHMeHBiime 3aipaTBi 3Heprmi 
Ha pereHepaijmo h HaH6ojiee rjiySoicyio OHHCTKy HCXO^Horo B03flyxa ot 
.qpyoKHCH yrnepoaa. Y raflparapoBaHHoro OKCH#a ijHpKomra 6ojiee 
BBicoKaa eMKOCTB no AHOKCHfly yrnepofla h 6ojiee KpyTaa H30TepMa 
aAcop6i;HH H3 Bcero pima cop6eHTOB Ha ocHOBe nepexoAHBix MeTajinoB, 
hto no3BOJMer y^ajMTB ^ByoKHCB yraepofla H3 oramaeMoro B03flyxa npn 
6ojiee HH3KHX ee KOHijeHTpaijirax. 

YcTaHOBKa TeroiOH30Jwu;HH BHyTpH a,a;cop6epoB h HarpeBaTeneii 
yMeHBinaeT HHepijHOHHocTB ycTpoficTBa 3a cneT CHroKemra 3aTpaT Ha 
HarpeB h oxjiaacflemie o6ojiohck yKa3 aHHBix ajieMercroB KOHCTpyKipm, 

HTO B KOHeHHOM HTOre BefleT K yMeHBHieHHK) SHeproeMKOcra. 

CymHOCTB H3o6peTeHHa noaciMeTCfl nepTeacaMH h onncaHHeM 
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pa6oTH 3ajiBJieHHLix ycrpoiiCTBa h cnocoGa. 

nepeneHb <f>nryp HepTencefi 

Ha <|>hi\1 npe^CTaBJieH oflim BapnaHT npimipmHajiBHOH 
nHeBMaTHHecKofi cxeMBi 3aaBJieHHoro ycTpoficTBa 

Ha 4 )Hr -2 npe^cTaBneH apyron Bapnarcr npHHipmHajiBHOH 
nHeBMannecKOH cxeMBi 3aaBJieHHoro ycTpoficTBa. 

Ha <J)Hr.3 noKa3aH b pa3pe3e bo3M03KHBIH BapnaHT BBinojmeHHa 
KOHCTpyiopM a,n;cop6epa 3. 

Ha (jpurA noKa3aH b pa3pe3e bo3M03khbih BapnaHT BBmonHeHiM 
KOHCipyKijHH HarpeBaTejM. OffRH BapnaHT BBmojiHeHira ycTpoficTBa 
ohhctkh B03flyxa (4>nr.l) BKjnoHaeT no6yn;HTejiB pacxo^a B03,nyxa 
(KOMnpeccop hjih BeHTHJDrrop) 1, nepeionoHaTejiB noTOKa 2 b BH^e 
flByxxoflOBoro KpaHa coeflHHeHHBin c bxo^om a,zjcop6epoB 3(1) h 3(2). 
Ha BBixofle a«cop6epoB ycTaHOBJiCHBi HarpeBaTejin 4(1) h 4(2), 
coe^HHeHHBie c nepeiunoHaTejieM noTOKa 5, noflionoHaiomero oahh H3 
aflcop6epos k B03AymHOMy Bxo,ny T3 6, a apyron (pereHepnpyeMBin) k 
B03AyHiHOMy BBixoay T3 6. 

,flpyroH BapnaHT BBinojiHeHira ycTpoficTBa ohhctkh B03flyxa (4>nr.2) 
BKjnoHaeT no6yflHTejn> pacxo^a B03,ayxa (KOMnpeccop hjih bchthjihtop) 
1, coe#HHeHHBiH c bxoaom oflHoro H3 a#cop6epoB 3(1) h 3(2), 
pacnojioaceHHBix b oahom Kopnyce h pa3«ejieHHBix neperopoflKon 7. Ha 



Bxofle b oflHH H3 aacop6epoB (pereHepHpyeMHH), coe^HHeHHBiM c 
BHXoflOM T3 6 ycTaHOBJieH HarpeBaTejn> 4. 

CeeAeHHfl, noATBepa^aioinHe bo3moxchoctb ocymecTBJieHHH 

H3o6peTeHHH 

ripe^jiaraeMtiH cnoco6 peajm3yeTca cnejiyioinHM o6pa30M. B 
a«cop6epBi 3(1) h 3(2) 3arpy»caK)T cop6eHT Ha ocHOBe raApaTnpoBaHHBix 
OKCHflOB nepexoflHBix MeTamioB b BH#e rpaHyn c pa3MepaMH 1,5-2 mm, 
jih6o b Bime 6jiokob c KaHanaMH pa3jiHHHoro flHaMeTpa. 3aTeM Ha 
Bxoflax aflcop6epoB ycTaHasjraBaioT HarpeBaTejiH 4(1) h 4(2) h 
aflcop6epBi noflcoeflHHSGEOT nepe3 nepeiunoHaTejiH noTOKa 2 h 5 k 
no6y#HTejno pacxo^a 1 h ToiuiHBHOMy ajieMemy 6 KaK noKa3aHO Ha 
cxeMe (Jjht.I. nocne 3Toro BKjnoHaioT no6y^HTenB pacxo^a B03flyxa 1 h 
nepe3 nepeianoHaTejiB noTOKa 2 hcxoahbih B03flyx npn KOMHaraoH 
TeMnepaiype (15-5-25 °C) no^aiOT b a«cop6ep 3(1), b kotopom 
ocymecTBjMioT ray6oKyio OHHCTKy ot AHOKCH.ua yrjiepo#a 3a cneT 
B3aHMOAeficTBHa nocjieflHero c cop6eHTOM. Ohhhxchhbih ot flHOKCHfla 
yrjiepofla B03^yx nepe3 HarpeBarejiB 4(1) c oTKjnoHeHHBiM HarpeBOM h 
nepeKjnoHarejiB noTOKa 5 no^aioT Ha bxo« TonjiHBHoro sjieMenra 6, b 
kotopom npOHcxoflHT npoijecc BBipa6oTKH 3JieKTpo3HepraH 3a cneT 
OKHcneHHfl BOflopofla c nornomeHHeM KHCjiopoaa B03^yxa h 
BBi^ejieHHeM napoB bo^bi. npn stom OTpa6oTaHHBra BJiaacHMH B03^yx c 
noHHMceHHBiM coflepacaHHeM KHCJiopoaa nepe3 bbixo# TonjiHBHoro 




3jieMeHTa 6 noaaioT nepe3 nepeKmoHareJiB noTOKa 5 Ha HarpeBarejiB 

4(2) j B KOTOpOM OTpa6oTaHHBIH B TOIIJIHBHOM 3JieMeHT6 B03flyX 

HarpeBaioT ao TeMnepaTypti 60-120 °C h no^aioT Ha bbkoa aacop6epa 
3(2). npH 3tom npoHcxoAHT pereHepaijira norjioTHTena c BUflejiemieM 
AHOKCHfla yrjiepoaa. Bbixoahiijhh H3 a#cop6epa B03,nyx c6pacHBaioT b 
aTMOC^epy nepe3 nepeionoHaTejiB 2, tbk kbk oh HenpuroaeH fljw 
flajiBHefiniero HcnojiB30BaHHH H3-3a Hajrarara flHOKCHfla yraepofla h 
HH3Koro coflepacaHiDi KHCJiopofla. Ilocjie OKOHHamra npoijecca 
aecopGijHH nepeKjnoHaTejra 2 h 5 nepeBOfljrr bo BTopoe nojioaceraie 
(noKa3aHO nyHKTHp om) . IIpH 3tom hcxoahbih B03,ayx onnmaioT ot 
AHOKCHfla yrjiepofla b a^cop6epe 3(2), a a^copSep 3(1) nepeBOffflT b 
peacHM pereHepaujm. IIpH stom Bpeivra cop6u;HH BBmepEGHBaiOT paBHBiM 
BpeMeHH pereHepauiHH. B ycTpoficTBe, bbhiojihchhom cornacHO (|>Hr.2, 
oahh H3 bxoaob a,n;cop6epoB nocToamio noAKJnoneH k no6yflHTejno 
pacxo^a B03,nyx 1, .npyron bxoa iioctohhho noflKjnoneH nepe3 
HarpeBaTejiB 4 k BBixo^y T3 6. ITepeKjnoHeHHe a,a;cop6epoB Ha OHHCTKy 
B03ffyxa hjih Ha pereHepaumo ocy^ecTBJiaeTca nyTeM Bpamemra 
a#cop6epoB BOKpyr npoflOJiBHoii och. Oahh a#cop6ep, noflKjnoneHHBiH k 
noGyflHTejiio, onumaeT B03,nyx, nocTynaioiijHH b T3, Apyrofl, 
noflKjnoneHHBiH k BBixo^y T3 pereHepnpyeTCH. 3areM noBopoTOM 
BOKpyr och a#cop6epBi MeiraiOTCfl MecTaMH. 
IIpHMep peajiH3auHH. 



B a#cop6epBi o6i>eMOM 2,0 am 3 KaayjBiH 3arpy^cajiH 
rpaHynHpoBaHHHH norjioTHTejn> cocTasa: ZrO(OH)-xMgO-yH20. npH 
TeMnepaType 20-25 °C h flaBJiemiH 0,1 Mlla nepe3 o^hh H3 a#cop6epOB 
nponycKajra aTMOc<J)epHBiH B03,ayx c pacxo^oM 170 ji/mhh h 
coAep^caHHeM ^HOKCH^a yraepofla 400-500 hhm. npoaojKKHTejiBHOCTB 
ijmcjia cop6ijHH cocTaBHna 15 mhh. npH stom KOHii,eHTpaijira ffHOKCima 
yrjiepoAa Ha bbixo^; H3 aacop6epa cocTasiuia 1 hhm. B 3to ace Bpeivm 
BTOpofl aAcop6ep nepeKmoHajiH b peaeHM pereHepaijHH. PereHepaipno 
a ( o;cop6epa ocymecTBJWJiH noTOKOM B03#yxa c pacxo/jOM 170 ji/mhh h 
TeMnepaTypoH 80°C h othochtcjibhoh BJiaacHOCTBio 40%.. 
npoflonmiTejiBHocTB i^HKJia pereHepartHH cocTaBHJia 15 mhh, nocjie Hero 
BTopofi afl;cop6ep nepeianoHajiH b peacHM copGipiH, a nepBBiH - b peacHM 
pereHepai^HH, KOTopofi ycTaHOBJieH TaioKe nyjiBT ynpaBJieHHfl 8. 
AACop6ep (^nr.3) coflepacirr Kopnyc 9, Ha kotopom KpenHTCH Bepxrora 

KpBIHIKa 10, B KOTOpOH yCTaHOBJieH (J)HJIBTp 11. Meac#y KopnycoM 9 H 

BepxHeS KpBiuiKOH ycTaHOBJieHO ynnoraeHHe 12, nofl kotopbim BHyrpH 
Kopnyca 9 cmohthp OBaHBi npyacHHBi 13, B3aHMo;i;eHCTByK>nijie c BepxHen 
ceTKOH 14 c flHaMeTpoM MeHBHie HaHeceHHoft Ha ctchkh Kopnyca 
TenjioH30JML(HeH 15, BBinojiHeHHOH H3 BcneHeHHoro neHononnypeTaHa, 
3aianoHeHHoro b 3a^HTHBiH Koacyx 16. IIIhhjibkh 17 npeflHasHaneHBi 
nofl»cHMa cop6eHTa 18 nyTeM CTarHBaHira ceTKH HHECHefi 19 h ceTKH 
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BepxHeii 14. B mDKHefi nacra aflcop6epa ycTaHOBJieHa Kpunnca hedkhjdi 

20 C a3p030JIBHBIM (^HJIBTpOM 21 . 

HarpeBarejiB (<J>ht.4) coaepacHT cnnpajit 22, 3aionoHeHHyio b 
Kopnyc 23, b kotopom ycTaHOBJieHBi TaioKe flarqinc TeMneparypfci 24 h 
TepMOCTOHKaa TenjiOH30Junma 25. 

IlpeAJiaraeMoe ycTponcTBo pa6oTaeT cjie^yionpiM o6pa30M: 
Copoeirr 18 b BH^e rpaHyji H3 rH,apaTHpoBaHHoro OKCH^a 
£(HpKOHH9 3arpy2Kaercfl b aflcop6epfci 3(1) h 3(2), am Hero Ha Kopnyc 9 
ycTaHaBJiHBaeTCH TenjiOHsojismtHa 15 h Koacyx 16, KpLnraca 10 c 

a3p030JIBHWM (^HJIfcTpOM 11 H IipOKJiaflKOH 12. 3aT6M K ^HJIBipy 11 

KpenaTca npyacHHBi 13 h ycTaHaBjniBaeTCji BepxHaa ce-nca 14 co 
innHJiBKaMH 17. B iiojioctb aflcop6epa 3arpy3KaeTca cop6eHT 18, nocjie 
nero ycTaHaBJiHBaeTca hhhchjdi ceTKa 19 h npoH3Bo^HTca cTJDKKa ceTOK 
14 h 19 innHJiBKaMH 17., nocjie nero ycTaHaBJiHBaeTca TemiQH30JDmHfl 21 
h hkdkhjdi Kptinnca 20. 

Ha ^JiaHi^e KpwnieK 20 ycTaHaBJiHBaioTCJi HarpeBaTejiH 4(1) h 4(2) 
Aacop6epBi no#KJiK>HaK>TCJi k no6yflHTejno pacxo^a B03,zryxa h k T3 
coraacHO cxeMBi <|>nr.l hjih 4>ht.2. TexHOJionra paSoTBi ycipoHCTBa 
onncaHa BBiine. 

lIpefljiaraeMLiH cnoco6 h ycTpoficTBo o6ecneHHBaK>T rnyGoKyio 
oHHCTKy B03,zryxa ot flHOKCHfla yrjiepo^a h a^eKTHBiryio pereHepaumo 
cop6eHnra, coflepacamero rimpaTHpoBaHHBiH okcha impKOHHfl, HarpeTBiM 




BJIEUKHBIM B03AyX0M, nOCJie erO HCIIOJIB30BaHHJI B TOIDIHBHOM 3JieMeHTe, 

hto ynpomaeT TexHOJioranecKim npoijecc h pe3KO CHiracaeT 
3Hepro3aTpaTM. 

Ha ocHOBaHHH BBnneH3Jio»ceHHoro mohcho c^enaTB bbiboa, hto 
3ajiBjieHHBie cnocoG h ycipoHCTBo Moiyr 6bitb peajra30BaH Ha npaKTHKe 
c ^ocTH^ceHHeM 3aaBJieHHoro TexmraecKoro pe3yjn>TaTa, T.e. ohh 

COOTBeTCTByiOT KpHTepHK) «IipOMLIIIIJieHHaa npHMeHHMOCTB». 




OOPMYJIA H30EPETEHEW 



1 . Cn0C06 OHHCTKH BOSflyxa flJM TOIUIHBHBIX 3JieMeHTOB, npH KOTOpOM 

hcxo^hbih B03«yx nponycKaiOT nepe3 afl;cop6ep c noraoTHTejieM 
^ByoKHCH yrnepofla, 3aTeM copSeHT pereHepHpyiOT HarpeBOM, 
oTJiHHaronpmcji TeM 5 hto b a,n;cop6epe Hcnojn>3yioT nornoTHTejiB, 
co^ep^camHH nmpaTHpoBaHHtie okch^bi nepexoflHBix MeTajuioB, 
KOTOpBie pereHepHpyiOT OTpaScyraHHBiM b toiijihbhom sneMeirre 
B03,ziyxoM npH TeivraepaType 6(H120 °C. 

2. Cnoco6 ohhctkh B03,nyxa fljra toiijihbhbix 3ji6mchtob no n. 1, 
OTJiHHaioiu;HHC« tcm, hto HarpeB B03;jyxa, nocTynaibmero Ha 
pereHepaipno, ocymecTBJwnoT flo flocTKDKeHira othochtcjibhoh 
BJiaacHOcra ot 15 flo 85%. 

3. YCTpOHCTBO OHHCTKH B03flyxa flJW TOIUIHBHBIX 3JieMeHTOB, 

coaepacamee no6y,n;HTejiB noTOKa B03flyxa 5 coeflHHeHHBifi nocpeflCTBOM 
Tpy6onpOBOAOB h 3anopHOH apMarypM c a#cop6epaMH ? CHapjDKeHHBiMH 
norjioTHTejieM AByoKHCH yrjiepo#a h coeflHHeHHBiMH c B03flyinHBiM 
bxo,zjom TonjiHBHoro ajieMeHTa, OTJiHHaiomeeca TeM, 3anopHaa apMaTypa 
BBinojiHeHa b burs nepeKJUOHaTejiefi, o6ecneHHBaiomHX noonepeflHoe 
no^KJiiOHeHHe Bxo,a;a h BBixo^a oflHoro H3 a,o;cop6epoB k no6yAHTemo 
pacxo^a B03,nyxa h B03flyiiiHOMy Bxofly TonjiHBHoro 3JieMeHTa 
cooTBeTCTBeHHO, a Bbixofla apyroro a#cop6epa nepe3 HarpeBarejiB k 
B03flyniHOMy Btixoay Ton jihbh oro 3JieMeHTa. 




4. YCTpOHCTBO OHHCTKH B03,nyxa RJISL TOIIJIHBHBIX 3JieMeHTOB, 

coflepaeamee noSymrrejiB noTOKa B03flyxa, coeAHHeHHHH nocpe^cTBOM 
Tpy6onpoBOApB c ajo(cop6epaMH, cHapjraeHHBiMH norjiOTHTeneM 
^ByoKHCH yrjiepofla h coe^HHeHHBiMH c BosflyniHMM bxoaom 
TOiuiHBHoro ajieMeHTa, OTJiHnaiomHHCH TeM, hto a^copSepBi, 
OTAeJieHHLie flpyr ot flpyra neperopoaxaMH, pa3MemeHBi b o^hom 
Kopnyce c bo3moechoctbio Bpamemra BOKpyr npoflOJiBHOH och h 
noonepeflHoro noflKJUOHeiura no Bxofly k noSyflHTejno noTOKa B03flyxa, a 
no BBixofly nepe3 HarpeBaTenB k B03#yniHOMy BBixo,ny TonmiBHoro 
ajieivieHTa. . 

5. YcTpoHCTBO ohhctkh B03,oyxa fljia TonjiHBHBix sjieMCHTOB no n.n. 3 
hjih 4, OTJiHHaiomeeoi TeM, hto a#cop6epBi CHapaaceHBi norjioTHTejieM, 
coflep^KanmM rH,npaTHpoBaHHBiH okcha ijhpkohhh. 

6. YcTpoHCTBO ohhctkh B03,nyxa flJM TonjiHBHBix 3JieMeHTOB no n.n. 3 
Hjra 4, OTJiHHaiomeecH tcm, hto BHyrpn a#;cop6epoB h HarpeBaTenen 
ycTaHOBJieHa Temi0H30Ji5mira. 



C^06 OHMCTKM B03Ayxa RTin TOI^^HblX 3JieMeHT0B 

m ycnpoftcTBO AJifl ero ocymecTBneHMfl 






<Dnr 2 



0oco6 ohmctkm Bo^ayxa m^mam^&mms^^ 

m ycTpoficTBO una ero ocyiuecrBneHMfl N 
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PEOEPAT 

M3o6peTeHne othochtch k 4>yHKn;HOHajii>HBiM BcnoMoraTejiBHBiM 

CHCTeMaM o6cjiy)KHBaHHH TOI1JIHBHBIX 3JieMeHTOB (T3), B HaCTHOCTH K 

cnocoSaM h ycTpoHCTBaM pjw cop6d,hohhoh ohhctkh B03flyxa, 
noTpeSjiaeMoro b T3, ot flByoKHCH yraepofla. CornacHo H3o6peTeHHK> 
cnocoS ohhctkh B03pyxa ,zyifl T3, npn kotopom hcxo^hbih B03,nyx 
nponycKaioT nepe3 aflcopSep c noraoTHTejieM flByoKHCH yrjiepofla, 3aTeM 
cop6eHT pereHepupyioT HarpeBOM, b aflcop6epe HcnojiB3yK>T 
norjioTHTejiB, coflepacanpra raflpaTHpoBaHHBie okchabi nepexo#HBix 
MeTanuiOB, KOTOpBie pereHepHpyioT OTpa6oTaHHBiM b toiijihbhom aneMeirre 
B03flyxoM npn TeMnepaiype 60-5-120 °C. HarpeB B03«yxa, nocxynaiomero 
Ha pereHepamno, ocymecTBJMK>T ao flocTHHeeHH* otho chtcjibhoh 

BJiaaCHOCTH OT 15 flO 85%. YCTpOHCTBO OHHCTKH B03,Hyxa flJM TOnJIHBHBIX 

3JieMeHTOB coAepacHT no6y,znrrejiB noTOKa B03^yxa, coeflHHeHHBra 
nocpe^cTBOM Tpy6onpoBO^oB h 3anopHoii apiviaTypBi c aflcop6epaMH, 
CHapaaceHHBiMH norjioraTejieM flByoKHCH yrnepoaa, is. coeflHHeHHBiMH c 
B03flyniHBiM BxoflOM ToiuiHBHoro sjieMeirra, npn stom, 3anopHaa 
apMaiypa BBinonHeHa b BH^e nepeKmoHaTejieii, o6ecneHHBaioiimx 
noonepeflHoe no,zncjnoHeHHe Bxoaa h BBixo^a o^Horo H3 a^cop6epoB k 
no6yflHTejiK> pacxo^a B03,zryxa h B03flynraoMy Bxo^y ToiuiHBHoro 
3JieMeHTa cooTBeTCTBeimo, a BBixofla flpyroro an;cop6epa qepe3 




HarpeBarejiB k B03flyniH0My BBixoay TomniBHoro aneMeirra. YcTpoHCTBo 
ohhctkh B03Ayxa pjw toeljihbhbix sjieivieHTOB, coAepaeanjee no6ymrrejiB 
noTOKa B03flyxa, coe#HHeHHBiH nocpe^cxBOM Tpy6onpoBOflOB c 
aflcop6epaMH 5 cHapJDKeHHBiMH nornoTHTejieM AByoKHCH yrjiepo^a h 

COeAHHeHHBIMH C B03AYUIHBIM BXOflOM TOIIJIHBHOrO 3JieMeHTa MODKCT 6BITB 

BBinonHeHo TaK, hto a#cop6epBi ? oTflejieHHBie flpyr ot apyra 
neperopoflKaMH, pa3Mern,eHBi b oahom Kopnyce c bo3moechoctbk) 
BpamemM BOKpyr npoflOJiBHOH och h noonepeflHoro noflKjnoneHHH no 
Bxofly k noSy^HTejno noTOKa B03,ziyxa, a no BBixofly nepe3 HarpeBaTejiB k 
B03flynmoMy BBixo#y TonjiHBHoro 3JieMeHTa. AflCOpGepBi Moryr 6bitb 
CHapaaceHBi norjiOTHTeneM, coAep^canpnvi nmpaTHpoBaHHBin okcha 
ijhpkohhji. BHyTpn a,n;cop6epoB h HarpeBaTenefi mo^kct 6bitb ycTaHOBJieHa 
TenjioH30JMii;iM. 



